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BASE OF THE STRATOSPHERE 
Tt. Introduction 


The object of this study is to investigate 
the pressure anc temperature changes in the region of 
the Tropopause over stations in the Unitei States and 
te attempt to seek relationsnips which might clarify 
or explein the reason for those phenomena thet we know 
to exist in the upper Trovosphere. We are particularly 
interested in those phenomena which give a variation of 
Tropopause height with a corresponding change of pressure 
at the nine kilometer level, and the temperature-height 
curves associated with such changes of atmosphoric 
ecnditions. 

Tnasmuch as tiis investigation parallels closely 
those of .).Dines, Yeteorologist in charge of Investi- 
gation of the Upper Air for the London Meteorological 
office, and E. Palmen, Professor of the Neteorological 
Institute of the University of lielsingfors, in relation 
to the subject matter at hand, a brief resume will be 
given in order to explain tne methods used and the re- 


sults obtained by these two eminent meteorologists. 
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)epecital thanks are due rrofessor C.G.Ressby 
of the Massachusetts Institute of Technolorcy for his 
helpful advice in the preparation of this paper. 
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Ii. mations and Results of W.#.Dines. 





The material upon which Dines based his 
investisations and conclusions consisted of upper 
air soundings over the British Isles and the Continent 
of Durope. He took depertures from the mean of his 
sets of soundincss and computed total and partial corree 
letion coefficients and regression coefficients between 
sundry variables of the upper air. His variables were: 
1. Pressure in millimeters at sea level. 2. Mean 
temperature of alr colmm from the 1 to the 9 kilometer 
level. 3S. The pressure at the 9 kilometerlevel. 
4. The height of the Tropopause. 5. The temperature 
at the Tropopause. te defined the Tropopeuse height as 
that point where the decrease of temperature becomes 1 
Gegree Centigrade or less per kilometer. The fomrmla 
for obtaining his correlation coefficient was 


. * FZ tbe dv) 
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where 
cGy -dZ2 a) © 
a rn and “a" and "b" represent the 
variables being correlated, " " the standard deviation, 


end "n" the rember of escents. 
Dines has listed five sets of correlation 


coefficients obteaine! from ea similar muaber of sroups and 
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the British Isles. The correlation coefficients were 
obtained for all groupings by taking departures from 
the mean. The mean of the correlation coefficients | 
for the entire five croups were computed and are as 
followsé 


Surface pressure versus mean temperature 0.46 
. ” " pressure 9 km. level 0.66 

® ° " Tropepeuse height 0.69 

n" rt fn f terip. ~0.59 
ean temp. versus Pressure 9 km. level 0.92 
.& - " fpropopause height 0.78 
n " " k temp. -0.59 


Press. 9 km. level versus Propopause height 0,55 
. : , ’ ' temp. -O, 4S 


Tropopause height vs. Tropopause temperature~-0,65 


Ye computed the standard deviations for his 
various sets cf sovumdings and arrives at the following 


values for the mean of these standard devietions: 


Surface pressure 0.4 
“Mean temperature 720 
rressure at the 9 km. level 
9.2 
Tropoepause height 14.8 
Tropopause Temperature 6.6 


The units for these values are decrees Centicrade 


for the temperature, millimeters of mereury for the pressures, 
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and 100 meters for the tropopause height. 

On the basis of the values of the correlation 
coefficients coupled with results obtained from partial 
correlation and regression coefficients, Dines arrived 
at the followin; conclusions: 

1. The pressure at the 9 kilometer level has a 
positive effect on the surface pressure and the mean 
temperature. It is very closely and positively 
correlated with tropopause height, but he is not certain 
whether it is as enuse or effect. It has a negative 
effect upon Tropopause temperature. 

2. ‘The tempereture of the air colum from 1 to 9 
kilometers has a nerative effect upon surface pressure, 
& lerge positive effect upon the pressure at the 9 
kilometer level, no direct effect upon Tropopa: 
and a mode 


height 








fate positive efrect upon Tropopause temperae 
ture. 

oe TrOpopause height has a positive effect upon 
surface pressure, no direct effect upon the mean tempore 
ature, it is closely correlated with the pressure at 
the 9 kilometer isvel, and has a very Cistinct necative 
effect upon Tropepause temperature. 

4. Tropopsuss temporature has little effect upon 


any of the other variables. 
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The object of this study was to attempt to 
couple the important temperature and pressure variations 
in the lower stratosphere with the tropospheric distri- 
bution of these two variables. In this connection 
Ralmen studied the effect of both thermal-advection and 
dynamic convection in relation to the coupling sought. 

Palmen elected, as a means of investigating 
the advective process, to study the results of soundings 
mado on both sidea of the polar front. On ome side he 
had Polar air, on the other, tropical meritime air. 
These soundings showed a temperature difference of about 
lS cegrees C. between the two air masees, this tempera- 
ture difference attained its maximm value between the 
4 and 7 kilometer levels. The tropopause in the polar 
oir mass was around the & iilometer level, that in the 
tropical air around 12 kllometers. The temperature dif} 
ference again became large in the vicinity of the 12 
kllometer level; however, this difference wes in a 
revorse order to the former, i.e,, where the tempeore- 
ture of the tropical air had beer higher in the trapo= 
sphere, it was lower than that of the polar air, in 
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the stratosphere. faving obtained these results Palmen 
then proceeds to seek a coupling between the Polar front 
height changes, 
In the explanation of the coupling effect he 
parallels his ideas with those of Hjerkmes. A wave is 
assumed to have formed on the polar front. The tropical 
air glides upward on the Vest side of all wave crests 
and downward on their last side. This force! vertical 
motion must dle away with elevation, and it is known 
thet it almost disappears at the tropopause. Accordingly, 
there is vertical shrinking over the West side of the 
polar front wave crests and corresponding herizontal 


waves at the surface and the t 





divergence of the tropical air; on the Zast side, on 
the contrary, there is vertical expansion and horizonta 





convergence. The direct result of horizontal divergence 
is acceleration of anti-cyclcnic circuletion and the con~ 
sequence of cenvercsence is acceleration of cyclonic 
circulation, The original purely west-east flow of 
tropical air will therefore assume an antie-cyclonic curve~ 
ture over the western slopes of the wave crests and a 
eyclonic curvature ovor the sastern slopes of the weve 
ertsts. The strvan lines acquire 2 sinusoidal ilke 

shape in the horigontal - a shape which is also taken up 
by the isobars. ‘The eventual resultant effect is to have 
a raisins of the tropopause height over the part of the 
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flow with the northerly component, a sinking over that 
part of the flow with the southerly component. In the 
stratosphere is found, in turn, a vertical stretching 
and a vertieal shrinking, in confmetion with the 
shrinking and stretching deseribe: above. ‘The tropopause 
wave was found to be out of phese with the polar front 
wave, in thet its corresponding amplitude points are to 
the westward of those on the surface. 

“aving reache! this stage by means of thermal 
advection Palmen then demonstrates how the action of 
dynamic convection becomes the controlling factor. 

The vertical motion is angmented by the in-~ 
crease of vorticity as the cyclone becomes more intense 
and occludes. The vertical shrinking is sccompanie by 
a convergence of the potential temperature surfaces, tie 
resion of vertical stretching is accompanied by a diver-~ 
genes of the potential temperature surfaces with a 
convergence of these sur.iaces ebove the rerions of strete 
ching. In the regions of convergence we have a decrease 
of the temperature gradient. The action of the above is 
illustrated in the following sketch. (See Page 9). The 
positions of the points of maximum convergence represent 
the po@dition of the tropopause in these regions. 

Palmen further stetes that if the convere 
gence of the potential temperature surfaces is supere 
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imposed on the eristing tropopnuse, it will cause the 
normal inversion found in this region to sharpen. Te 
obtains three general types of temperature ~ heirht 
curves evtendine up into the stratosphere ~- or "tropopause 
m om the following sketch. (See page 11). 
Por normal pressure, in this case 1007 millibars, is 
found an isothcrmal situation starting at the tropopause; 
for low pressure at the surface, 976 millibars, is found 
&@ gharp inversion of a depth cf about 1 kilometer and 
then a gradual cecrease of temperature with height; 
for high prescurss et the surface, 10354 kilometers, is 
found a sharp inversion which extends several kilometers 
and then pecomes practically isothermal, 

If the action of the ceformmtion field is such 
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that the convergence of the potential texpereture 
surfaces takes place other than at the trononause ttseif, 
then, Palmen aeserts, a new troroneuse is formed at this 
recion of convergence and the o1d tropopause is anninilated. 
The formation of this new tropopause, in sectiom at vary- 
ins heights, gives a leaf-lLike structure, instead of a 
continuous smooth boundary surface. Turbulent mixing 
tekes place betwoen the cpen discontimiities of the 
new trepopause structure. 

From the inyestigations and results as oute 


lined above, Palmen arrives at the following conclusions: 
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| i 8 tn the primary developaent of . cyclone, edves- 
tion dominates, in that the temperature changes in the 
main can be attributed to meridional advection - in this 
stace, polar ‘front waves and tropopause waves are coupled 
in a certain phase dtaplacenont. The general | tropopause 
and ae advection represents | c. ‘unified atmos- 
pherie flow pettern, 

Re Tavestigation of SegREnnee contrasts between 
tropieal air end polar eir gives the best moans of stuty 
of meridional advection. | 

S. At times the frontal surface extends to the 
upper bouncary of the tropopause. 

& As occlusion sets in 2 cyclone the aynemieally 
vertieal displacement Cominates, in that, from this 
stage on, the texperature and pressure changes depend, 
in the maim, on the yortifieation of the eyelone. A 
closer cnalysis of these temperature changes end of the 
ertical oscillations cf the tropopause that one has to 
dval with, wit.. the attoniant deformation fields, show 
that not only tropepeuse types may change, but in certain 
eases the tropopause itself. From this it follows that 
the actually occurring vertical action in a so-called 
tropopause front may not always be determined from the 
oscillation of the apparent tropopause. | 

G. By investigating typical individual cases as 





i. In the primary development of e cyclone, advec- 
tion dominates, in that the temperature clenges in the 
main can be attributed to meridional advection ~- in this 
etacse, polar front waves and tropopause waves are coupled 
in a certain phase displacement. The general tropopause 
and stratosphere acvecticn represents eae unified atmose 
phorie flow pettern, 

2. Investigation of temperature contrasts between 
tropleal air ani polar air gives the best moans of study 
of meridional advection. 

Sb. At Sinos the frontal surface extends to the 
upper bouncary of the tropopause. 

4. As occlusion sets in a cyclone the dynemiecally 
vertical displacement Cominates, in that, from this 
stage on, the temperature and pressure changes depend, 
in tee main, om twe vorbification of the cysluone. A 
cloger canelysis of theae tempexature changes and of the 
vertical oscillations cf the tropopause that ome hms to 
deal with, with the attendant deformation fields, show 








that not only tropopause types may change, but in certain 
cases the tropepause itself. From this it follows that 
the actually cecurring vertieal action in a so-called 
tropopause front may not always be determined from the 
osclilation of the apparent tropopause. | 

G6. By investigating typical individual cases as 
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well ca throug: the formtion of suiteble mean valucs 
the influences of the fields of deformtion of the 
tropopauee over cycllnes and anti-cyclones Lecomes quite 
clear. Cver strong cyclones and occlusions the trope} 
pause is sunerally charactorigzed by a sharp inveraion. 
This is also the case over anti-cyslones. ‘There is an 
important difference in that the tropopauge is low ever 
cy¢lones and bigh over antieeyclones. Also the tropo~ 
pause inversion over cycl nes covers abovt 1 kilo« 
ester while the inversion is several kilomstors ceep 
over antiecyclones, At normal pressure the lower 
stratcaphere over Turcpoe is characterized by particue 
laray isothermal stratification. 

7 By the dist&ibution of potential temperature 
one ean, by omitting radiation and advection, in sertain 
esses compute the vertical dispiaeements which actually 
tock place in the generation er highs and lows, 

G&. The question ef the sent of atmospheric presrure 
variations can be answere!l only om the basis of detalled 
emilycies of the phenem@nna at different Levels. 7% ie 
true that in general the stratosphere phe 





ra, on 
the face of it, Pave a deciding infivence en the presture 
yeriations below. Tut iniea fact Cepenés on the genemi 
trermmal structure of the etmosphere ent has nothing to 

do with the problem of ewuse and <cffect. 
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IV, Amalysis of Conditions Over Stations in the U.S, 


The greatest cbatacle to the proper develupment 
of this subjoct is the lack of sounding balloon ascents, 
not 60 mach in guantity, but scarcity of scuncings made 
at regular intervals over a period of time when large 





temperature aml pressure variations are to be encountered. 
Also it was essential to use soundings which hed beon 
evaluated in a manner sueh that temperature, prossure, 
and elevation could be selected for a great musber of 
polnts without having to recampute the soundings. The 
most desirable series of soundings were obtained for 


the stations listel below: 





i» Royal Center, Ind, way 1926 
& Unrosbeck, Texas et. LOR7 
os wJPoken Arrow, Okla, Dee, LIZ 
& Royal Ceater, Ind. Sep. LOSO 
Ss ioyal Center, Ind. eb. 1981 


This information was obtained from the various 
Monthly Weather Reviews. 

All 
in this greup, in adiition there is a variation of lati- 





easons except the summer are represented 


tude between the extreme stations of about ten degrees, 


Since somo of the groups evaluated by Dines consisted of 
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can v6 obtained frum une above stations. 

Tt wae necessary to seleut a system of groupe 
eould be obtained, since {t was believed that satisfactory 
mean walnes could not be established accuretely for the 
monthly periods, ‘The groupings conesiste’ in determining 
time interval between the two was not tess than eight 
tire interval wns necessary because of tiie fect that 
the belicons rere nob reLensed at constant intervals, 

a few of the records were lost or destroyed, and some 
of the soundings extended only a few kilometers above 
sea level. 

In many ef the soundings it was extremely 
esffieult to determine tht tropopause heignt, necese 
sitating the formlation of an avblitrary derinition 
for this height. The method uscd vy Dimes was selected, 
in whieh he defines the tropopause height as the highest 
point where the tempersture decrease ls lest than one 
dagres per liemeter. Sy adhering te a cule ef this 
gort thers lo & ten omy £6 @iiminete a21 low inversions 


ome of which may be the tropopause with a@ conSicerabis 
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temperature decrease above the inversion. Therefore the 
results obtained by using tr@popeuse heights and temper 
atures, cannot be judged so mich by their numerical 
values but certainly the signs of the correlation coef 
ficients choul.d be correct. 

The soundings were grouped for cech station 
into paigs as explained above and the time variation of 
the various elements obtained. From these differences 


the standard deviations were computed by the formmla 


Cet hae 


The values of the standard deviations are listed below: 


Ps 4.5 mb. 
t 58.470 
ae) 4.4 mb, 
ae sore @. 
mg 6.1%. 


Sy comparing the standard deviations wits the 
individual differences ao ratio of the two waa greater 
then 2.5 which shows thet the material selected was very 
unlform. 

The correlation coefficients were calculated 


from the standard deviations by means of the formilina: 
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S (Sadx 
r = sty ale b)* wnere a, and b repregent the 
® ah 


variebles being correlated. The correlation coefiicients 
are listed below in addition to those obtained by Oines. 


Number of Trems Correlation ¥Yean Correlation 
Cowubinetions Correlated coefficients Coerricients-Dines 


BP "2 =, 50 46 
. .* o 

settee “te “69 
52 rye .11 (=). 59 
80 Pos - ‘70 - SE 
52 ee 86 “78 
oe enyd (=)..16 (~)..59 
Use #7 oc e 
52 rie (=). 04 (~).40 
52 roe (=).67 (=)..65 


iL © Suritace Pressure 


2 * ean Temperature 1 + O ku, 


a 
i 


Pressure 0 kr. 
4 = VYeicht Tropopause 


5 = Temmerature Trovopausc. 


it whli be noted that wherever He or Te is 
{involved as one of the variables, the number of groupings 
Gecreases. This is due to the fact that many of the 


soundings did not extend up to the tropopause. 
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‘'t was believed that the extreme smallness of 
most of the correlation coefficionts might be due to the 
method of grouping toeether stations in different latie 
tudes and for different seasons of the yoar. Several of 
the individuel monthe were groupei separately but the 
correlation coefficients obtainel from these 
of about the same gacnitude as those found for the entire 
group, so thet tne correlation coefficients calculated 





from the entire sroup were aceeptet as be: 
tative of the atmosphero over the Unite. States. 

‘he correlationa which are of chief interest to 
synoptic setcorclogiets are those which may be cecduced 





from surioce observations. Yrem the table it may be seen 
that surface pressure has a fair nercative correlation with 
the moan telporature but practically no correlation with 
eny of the othor slements. This brings out very strike 
ingly the indcpendencs of surface pressure. This is in 
direct opposition te the results obtaine’ by Dines as 

geny be note. from an inspection of tne tables above. This 
adifference my be oxpleaine. by considoring tho disturbancos 
observed over the Unite, States and Curope. As a ceneral 
rule cyclones and anticycl nes occurring over “urope are 
vyory deop, weolledeveluped disturbances, which in many ine 


stances argv believe. to extend well into the stratesphero. 
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N.I.?. curving the past winter. 

she only marked agreenent betwoen the correla- 
united States are tlrose between mean tempereture and the 
pressure at toe 0 kilemeter lovel, and between the tropo- 
peuse heicht cno the temperature at the tropopause. Tt 
is seen that with eae high pressure at the 9 kllometer 
level there is a corresponding lerse increase in the 
mean temperature of the coluwm of alr wider this Level 
and for a low temperature at the »@ kilometer there exists 
a low mean temperature of the alr coluwm. This warming 
and cooling is ef sue! @ mpenitude that it cannot  « 
eyplaine. by this chanpe of prossure so timt other ex- 
plenetions bad to be sought which are incorporated in 
that part of the investigation foliowing the methods of 
“almen. It is also seon that with a high tropopause there 











exists cold temperatures ani with a low tropopnuce there 
exists warn temperatures. "lore detaiic) discussion of 
this comditiom wlll be given on the followin, pages. 
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“otential Temperature Surfaces in the Vicinity of the 
tribution "aralleling the ‘ethods of falmen. 


“he first step in the study of the distribu- 
tion of potential temperature surfaces in the vicinity 
of the tropopeuse was to obtain correlation coefficients 
between the pressure at the ¥v kilometer level am) the 
helgnts of epecific potontial tempereture surfaces. In 
sclecting potontial temperature sur'aces it was ceomed 
expedient to select surfaces close enough to the tropo- 
pause so that the contour of the latter could easily be 
compared to the contour of the fermer. At the eame time 
{t was necessary to wse a range of surfaces which would 
clearly imiicute any convergence or divergence ami in- 
portent temperature variations. 

{he material used consisted of the records 
for September 1950 ant feurtery 1951 for Royal center, 
Tmiiana and for Ceecenmber 192) at Broken Arrow, O#lehoma. 
The valves for these correlation coefficients are tabu- 
Latod on page 21. 
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(-).91 
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6,740 
3,895 
11,020 
13,200 


5,620 

2,300 
12,460 
13,820 


4,540 
8,090 
5 ,u60 
11,050 
11,510 
12,760 


VLNTER = SEPTEMBER 1950 


Conn = FEBRUARY 1931 


oem "girs 
Sas £1 
310 16 
310 14 
309 13 
523 24 
524 17 
322 18 
32 15 
S02 27 
302 22 
302 20 
302 20 
502 18 
302 16 
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he number of pairs of soun 


ines available for 


individual months range from 27 for the lower surface 


to 13 for the extreme value of potential temperature it 


is unfortunate that more soundings in sequence could not 


nave been obtaine., however, it is believed thet they are 


acequate for the investigation at hand. 


A vory cone 


sistent range of correlation coefficients was obtained 


for each individual month, being negative for Low potven- 
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ré values and positive for high potential 
The ragnitude of the correlation coeffi-~ 
cients are large for the extreme vaiues of potential 





temperature. 

In order to show graphically the points brought 
out by the correlation coefficients, ea plot of the preseure 
ai the 9 kilometer lLevol was made against the height of 
potential temperature surfeces. ‘Over the low pressure 
tuere is a maizrmed concentration of potential temperature 
suriaces. Uver tne high the tropopeuse is smch higner 
ana it has increase: its potential temperature by some 
20 deprees. 

me curves ciscussed in thie paracrapn anc 
those that follow will Ge found grouped by stations on 
PALCS 24,25 5265275,28529, 

Tn order to olytain the best averace position 
for the tropopause, ropression equations were deduced 
and regreszion lines for the various potential temper- 
atures. nese were cuverimposed on their respective 
potential tomperature curves en the preesure-neigsht plot. 


The regression equation used was: 


(Po = Pomean? 





Characteristic temperature—height curves were 
plotted for the distribution of potential temperature 


resression lines for high, average, and low pressures at 
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the 8 kiloester lewel. The equation used to estab) teh 
the temperatures at different levele was formed fxs 
Polemon's equation end tiw hydrostatic equation: 


+] S28 Gas] eet 


These tompsrmature-heigut curves alow thet 
aeCinite ehamectoriatie types of the tropopmuse inror- 
siom @xist over high eat low preseure areas at tle 3 
eilomater level. A sarke. similarity will be noted for 
are SéveFal Lileweters lower than tee moan height uf the 
tropopause «5! are marbed By fairly stesp lapse rates 
in the tropesphwro belww this inversion. Above the 
inversion Were is & creitm] decroane of teuperoture 
continuiay a¢ far es the sounfing wes extended, De 
tropopause over the hich was not marked by a lenge in- 
version wt onve & semll rate of increase of tampsrature 
in tie simtosgmere. 

Tt 4a to LO noted that the trovosbhers is about 
6 decrees saresr unter the igh pressure tlen water the 
Low. bove the tropopause tho tenperature cver the high 
is comelderably solder than that over the low, This 
distrivution 46 <xeetly that fownh wy Malem, which bus 
o0en accounted fur by Liew timough the influence of 
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thermal-advective and Gynamic processes as e>:plained 
in the reswne of his work. 
lrom the above investigation the fellowin;g 


conclusions have neen drawns 
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1. The cestour ef te potential tempertire gur- 
feees in the Vicinity of the tropopause and in the 
stretoephers aro very einilar to tie contour of the 
tropopause, efile in the troposphere below the 9 kilo- 
meter level toe slepe of the former is opposite to 
treat of the latter, 

&. The so istence of the trepopeauce types is 
substantiated by the ‘istrioutien of the potential 
texperature surfacts. ower the low prvesure aroa we 
imtve & well Gefined fielé of convergence, iniiestive of 
& Tegion of prout stability - over the high presence 
eames wo find sore egqusl specing of the surfaces at, 
however, @ cradunl Gecreage in the distances betreon 
these surfaces - an imiication of stability tub to a 
loasor depres. Ths trammlation of th® distribution 
ef potential surfaces to a temperature veteve haipht 
Giaeram shewe in more detail the actual amount of 
stability represented. 

3S. The iispleaecament of the concentration of poe 
tentlel tempereture suriaces to a differwnt level 
CRuseens the rageeeration of the tropopause at tuot level. 
6 heve 4 coméition where tee instantaneous heict of 
we tropeotase carmot be Oefined se Gxisting st ome 
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height only. The shiftia; of tae tropopause to differ- 
ent levels has its origin in the thernel. 
peocesseL. 

4, “The tropopause height varios aso the pressure at 
the v kilometer level. Little correlation exists be-«- 
tween the pressure at the surface and that of the 9 
kilometer level, hence there is little correlation be- 
tween surface pressure and tropopause height. The 
transitory mature of the shallow-disturbances which 
traverse the United States would account 
ation from Puropean conditions. 

&. The tropopause type curves show definitely thet 
the troposphere temperature for a high pressure at the 
e kilometer level is considerably higher than that for 
@ low pressure at the same level. Tn the stratosphere 
the opposite effect isa true, i.e., over the high it is 
colder than over the iw. This distribution of tempere-~ 





for this vari-«- 








ture is accounted for primarily boy acvection but ine 
tensified in the vicinity of tre tropopause by con 
véction especially over a low pressure area. 

& An exmmination of the sonal distribution of 
pressure and temperature at different heights incicetes 
thet the conditions outlined as existing over the United 
States could be accounted for primarily by thermil-acvoece 
tion bat tliat convection ia required to complete the picture. 
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7. “he teaperatmre beight curves for Noyal Center, 
February 1231 show the temperature at the base of the 
prectieally the sane eas that for the same reletive posi- 
tion on toe hi»! pressure curve. This phenomonon is 
aiffieult to explain, however, the curvea in ,enereal, 
cdemanstrate tuo existonce of stron, convection over a 
cyclone and a resultant cold tropopause texnperature. 
ction wita this idea, it is kmewn thet 





In 
@hnen polar eOntinental air leaves its source resion end 
crosses an open ocean surrace, violent convection ensues. 
Tt is probable that, initially, when air temperatures 
are very low, tlis cenvoction extends to about 8 or 9 
Wilometera. hen this poler mritime air passes over 
jemi the convection 5 non is diminished and tne 
tendency towards the restoration of radiation equilibriun 
is strengthoned. ‘f in this case, we had a very strong 
flew of polar praeific air it is probable thet the results 





imiicated by the temperaturej-heirht curve represents thet 

state where the convection process is still felt giving 

the extremely low tropopause temperature and a tropopause 

heieht slightly higher than normal conditionsa would warrant. 
.oference to the daily souniding-balloon ascents 

male at loyal Senter during the month shows several cages 

where there exists ertremely stecp lapssc rates below th 
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level of the tropepsuee and in the vicinity thervof, with 
mawked inveretens present just above the tropepaure. A 
thorough and comprehensive st=dy of thie problem necessi« 
tates tho investization of the predominant @eind direction. 
Yor the soundings cite\, this essential Gata wes misaing 
in the majority of cases. 
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